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ABSTRACT 
Introduction: Lower extremity injuries, specifically anterior cruciate ligament (ACL) injuries are 
prevalent in adolescent sports. The FIFA 11+ injury-prevention program has been shown to 
decrease lower extremity injuries in several sports settings. There is limited literature regarding 
the effects of the FIFA 11+ on fitness variables, especially among middle school students. The 
purpose of this study was to retrospectively evaluate if a modified FIFA 11+ warm-up protocol 
has any effect on cardiovascular endurance, muscular endurance, and flexibility at two Vermont 
middle schools with different physical education class schedules. 
Materials and Methods: Outcome data was obtained from the FitnessGram assessment, which is 
utilized by all Vermont middle schools to track trends in youth fitness levels. The effects of the 
modified warm-up protocol on cardiovascular endurance (PACER test), muscular endurance 
(curl-up test), and flexibility (sit-and-reach) at Williston Central School (WCS) were compared 
to age-matched non-intervention year FitnessGram data at WCS and to intervention year 
FitnessGram data at Shelburne Community School (SCS).  
Results: Statistical analysis for WCS comparing data from the non-intervention and intervention 
years demonstrated a significant decrease in PACER score (p < 0.001), a non-significant 
decrease in curl-up (p = 0.207), and a non-significant increase in sit-and-reach scores (p = 0.033)  
during the year the warm-up protocol intervention was implemented compared to the non-
intervention year. The differences in pre- to post-test scores in the intervention year 
demonstrated a significant decrease in PACER score (p < 0.001), a significant increase in curl-up 
(p = 0.030), and a significant increase in sit-and-reach scores (p < 0.001). Throughout the 
intervention year at SCS, PACER and sit-and-reach scores decreased (p = 0.18 and 0.31, 
respectively) and curl-ups increased (p = 0.96), although these changes were not statistically 
significant. The declines in PACER score were significant and larger in WCS compared to SCS.  
Discussion: The results of this study indicate that utilization of a prolonged injury-prevention 
warm-up program in lieu of organized physical education activities traditionally completed 
during physical education classes at these middle schools may have a deleterious effect on some 
fitness-related outcomes. It is important to note that this is a small, retrospective investigation 
and is hypothesis-generating; however, a larger-scale randomized controlled trial should be 
performed to validate these findings. This information may be used to alter the modified FIFA 
11+ warm-up protocol to be effective in both injury prevention and improving fitness among 
middle schoolers. 
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Chapter One: Introduction 
 It is no secret that the prevalence of obesity in the US is increasing in children. In fact, 
according to the American Heart Association, about 1/6 of children and adolescents between the 
ages of 6 and 19 are considered obese[1]. Obesity is linked to several other negative health 
consequences including metabolic syndrome. Even obese preschoolers show some biomarkers 
associated with cardiovascular risk[1]. Since there is a significant positive relationship between 
lack of physical activity and obesity, intervening and introducing physical activity would be 
beneficial and thus help with these disease risks[2]. 
Physical activity can lower the risk of cardiovascular disease, high blood pressure, 
diabetes, and some cancers[1]. It has been found that children complete 20-40% of their physical 
activity in school[3]. Since such a significant amount is completed in school, it is essential that 
these minutes are used effectively. The national average time of physical education class is 140 
minutes, but it has been noted that a large portion of this time is considered to be sedentary 
activity. One study showed that up to 68.1% of physical education class can be considered 
sedentary while only 8.6% of the activity was moderate to vigorous[3]. Since the physical 
activity level of children significantly drops between the ages of 9 and 15, it is important that 
children reach activity recommendations. It is recommended that children get at least 60 minutes 
of moderate to vigorous activity daily[1]. Since physical education class can cover a large 
percentage of this time, it is important that activity occurs. 
Children may begin physical activity to help improve their health, but this comes with 
risk of injury. One trend in the literature is that a high proportion of knee injuries occur in obese 
athletes[4]. In particular, knee injuries, specifically injury to the anterior cruciate ligament 
(ACL), are most common in females[5-8]. A study examining ACL injuries in U.S. high school 
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athletics found that 76.6% of these ACL injuries result in surgery[9]. About the same percentage 
of injuries resulted from contact and non-contact incidences (42.8% and 37.9%, respectively), 
and prevention efforts could help lower injury rate[9].  
 ACL injury has been linked to the progression of osteoarthritis. In fact, most people who 
tear their ACL are younger than 30 and when they do so, the rupture ages the knee by 30 years. 
This means that cartilage has eroded, causing effects such as pain and functional limitation[10]. 
In addition, it has been found that ruptures in the knee lead to a decrease in activity level[11].  
Being able to exercise safely is important in reducing the likelihood of injury and reducing the 
risk of negative health consequences. 
The rate of ACL injuries and health consequences such as osteoarthritis can be lowered 
with an implementation of a pre-practice and pre-competition warm-up protocol. There are 
numerous methods of injury prevention available for athletes and for the general population. 
Some of these include neuromuscular, plyometric, and sport-specific strategies, as well as 
stretching. One protocol used in a pre-participation warm-up for athletics, namely soccer, is the 
FIFA 11+. It is a twenty-minute warm-up program consisting of exercises such as running and 
jumping[12, 13]. Its effectiveness has been studied in different populations, ranging from youth 
to elite soccer players, as well as athletes of other sports[13-15]. The program was first studied in 
the context of ACL injuries in females, as that specific injury occurs in females more than males 
by anywhere from two to eight times[5]. The program has also been modified for younger ages 
and is known as the FIFA 11+ For Kids. The goals of that program include improving 
coordination and balance, strengthening the leg and core muscles, and optimizing falling 
techniques[16]. While there is no lack of literature regarding the effectiveness of the FIFA 11+ 
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for injury prevention, there is limited information in the literature regarding the effects of the 
program on fitness variables.  
It has been found that middle school athletes, specifically females, may show similar 
injury patterns to high school athletes[17]. To avoid injury, it is valuable to teach proper motor 
patterns at a young age, allowing students to properly move their body, avoid injury, and be able 
to continue to exercise while combating obesity. Additionally, it would be valuable to see if 
teaching these motor patterns in a fitness warm-up also increases performance in fitness-related 
tests. One way to analyze the effect on fitness is by implementing a protocol such as the FIFA 
11+, and it is important that it be implemented early in the developmental process of the 
athletes[18]. By implementing a warm-up protocol similar to the FIFA 11+, the effects of the 
program on adolescents’ fitness variables, shown through performance in the fitness testing, can 
be analyzed. 
One method used for evaluating fitness of adolescents is called the FitnessGram. This 
nationally recognized test uses standards to evaluate the physical fitness levels of the children as 
well as the physical education program[19, 20]. Specifically, it examines six areas of health-
related fitness: aerobic capacity, body mass index, abdominal strength and endurance, trunk 
extensor strength and flexibility, upper body strength and endurance, and flexibility[21].  
Vermont is one state that completes the FitnessGram assessment in schools. There is 
limited literature regarding this topic in adolescents, and the populations of students in Williston 
Central School and Shelburne Community School, two middle schools in Vermont, have not 
been investigated. The students in each school complete the FitnessGram testing once in the fall 
and once in the spring. Using FitnessGram results from a typical non-intervention year and an 
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intervention year at both schools can provide insight regarding the effectiveness of the modified 
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Chapter 2: Literature Review 
Obesity Trends 
 The prevalence of obesity in the US is increasing in adults as well as in children[22-25]. 
These growth curves are similar across sexes until age 9. From there, percent body fat continues 
to increase for women through adolescence and reaches a median of 27.8% at age 18, but is at its 
highest in males at 11 years and reaches a median of 17.0% at age 18[22]. Between the 2007-
2008 and 2015-2016 years, obesity in youth (ages 2-19) increased from 16.8% to 18.5%[24]. The 
trend of obesity continues into adulthood. In 2009-2010, the prevalence was 35.5% in adult men 
and 35.8% in adult women in the US[23]. Based on a projection using national survey data 
between the 1970s and 2004, the prevalence of children classified as overweight will almost 
double by 2030, and 86.3% of adults will be overweight or obese and 51.1% obese[25]. 
 Significant predictors of the prevalence of obesity are socioeconomic status, school 
enrollment, age group, and the prevalence of insufficiently physically active people[2, 26]. In 
fact, in the US, over half of the population does not meet the minimum recommendation for 
physical activity[2]. Vermont ranks higher than 44 other US states, but 25% of adults are obese, 
which if more than double the number in 1990. In addition, there is a 26% obesity rate in 
adolescents in high school or younger[27]. To combat these rates, in schools across the world, 
some obesity prevention programs have been implemented, but have been determined to be only 
mildly effective in reducing the BMI of the children[28].  
 
Injury Rates 
 Participating in physical activity comes with the risk of injury. Specifically, in the US, of 
the approximately 30-45 million school-aged children who participate in sports, there are nearly 
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4 million sport-related injuries annually[29, 30]. One common injury is an anterior cruciate 
ligament (ACL) tear, which has been shown to be more prevalent in women as compared to 
men[5-8]. In fact, females may be two to eight times more likely to tear their ACL, and the 
female to male tear ratio could be as high as 9:1[5, 7]. Sports with high ACL tears include 
basketball, soccer, lacrosse, and alpine skiing, and when comparing between sexes, females were 
about three times more likely to sustain an ACL tear in soccer and basketball as opposed to 
men[7]. These are examples of cutting and landing sports, a category of sport in which females 
have a 4-6 times greater incidence of ACL tears compared to men[6]. Annually, the incidence in 
females peaks between ages 14-18, in adolescent years, and this highlights the importance of 
prevention efforts starting before this age[6, 31]. Implementing an injury prevention protocol 
may be helpful in reducing these injury rates[5, 6, 8, 13-15, 29, 32-39]. In addition, certain injury 
prevention protocols may have the added benefit of increasing fitness levels[39-44]. 
 Injuries are prevalent in children in middle school in both practices and in games. One 
study evaluating multiple sports compared male and female athletes participating in middle 
school sports and found that, overall, football had the highest injury rate[45]. Of all the injuries 
reported, 19.1% were tendinitis. When comparing sports played by both males and females, girls 
had a higher injury rate for all injuries and for time-loss injuries. Females also showed a higher 
injury rate in practices as compared to games while males showed no significant difference in 
injury rates of practices and games[45].  
 Overall, middle schoolers experience less frequent and less severe injuries than older 
athletes in high school and college[45]. Several studies used High School Reporting Information 
Online (RIO) to examine injury rate in high school and college students[4, 9, 46-48]. When 
analyzing injury recurrence, it was found that a small amount (10.5%) or all injuries were 
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recurrent, but these injuries more frequently resulted in over three weeks of time loss, the same 
amount of time loss resulting from overuse injuries in collegiate athletes[46, 49]. Injury rates 
from practice and from competition were also compared. In one study, ACL injury rate was 
(seven times) higher in competition than in practice, a trend similar to that found in a study 
looking at lower extremity injury rate[9, 47]. When examining sex-comparable sports, girls had a 
higher ACL injury rate than boys and a higher lower extremity injury rate in most sports[9, 47]. 
Lower extremity injuries were the most commonly injury site in high school and collegiate 
athletes and fatigue may be a factor[47, 49, 50]. Another factor that may relate to lower 
extremity injuries is BMI. Using weight and height measured by a certified athletic trainer, BMI 
was calculated and used to categorize high school athletes into underweight (≤15th percentile), 
normal weight (15th-85th percentile), overweight (85th-95th percentile), obese (≥95th 
percentile)[4]. It was found that approximately 2/3 of injuries were in the group of athletes of 
normal weight, but a higher proportion of knee injuries occurred in the group of obese athletes. A 
larger proportion of fractures occurred in the group of underweight individuals compared to the 
group of individuals of normal BMI[4]. It may be logical to incorporate BMI-specific 
interventions, and interventions targeting overuse and ACL injury[4, 9, 48]. 
 
Osteoarthritis 
The prevalence of knee osteoarthritis after ACL injuries is estimated to be anywhere 
between 10% and 90% at 10-20 years post-injury[10, 51, 52]. Affecting up to 15% of the 
population, osteoarthritis is regarded as a leading cause of disability and a majority of people 
with osteoarthritis have sustained a previous injury to the knee[52, 53]. Specifically, the lifetime 
risk for knee osteoarthritis is about 40% in men and 47% in women[52]. Osteoarthritis develops 
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when there are mechanical issues, specifically when there are increased or altered joint 
loads[53]. In young adults, a previous injury to the knee usually results in osteoarthritis[53]. 
With that being said, there are several notable risk factors including joint injury, obesity, aging, 
sex, genetics, race/ethnicity, joint alignment, and more[52, 53]. These risk factors cause 
muscular deconditioning, increasing the loads on joints and increasing the progression of 
osteoarthritis[53]. As osteoarthritis progresses, symptoms including pain occur, leading to 
functional limitations and a decreased quality of life[10]. The long-term symptoms and function 
in people with osteoarthritis and knee injury can be evaluated with a self-administered score, The 
Knee Injury and Osteoarthritis Outcome Score (KOOS). It includes the subscales of pain, other 
symptoms, function in daily living, function in sport and recreation, and knee-related quality of 
life[54]. 
Surgery is often an option with an ACL injury, and, although it helps with stabilization, 
the reconstruction does not reduce osteoarthritis risk[10, 11, 53]. A follow-up for people who 
underwent surgery for ACL or MCL ruptures showed that patients younger than at the time of 
the trauma had osteoarthritis of a slight to moderate degree in 58% of patients and 87% of older 
patients at the time of the trauma had osteoarthritis[11]. These results are similar to that of a 
review stating that a follow-up of young athletes with meniscus surgery showed that over 50% 
had knee osteoarthritis[51, 55]. One way to help combat the progression of osteoarthritis post-
ACL injury is to monitor gait[53, 56, 57].The degeneration of cartilage following injury may 
change the loading on the cartilage, potentially causing some new areas to be loaded or 
experience altered levels of loading[56, 57]. Mature cartilage likely will not adapt to this stress, 
potentially causing cartilage degeneration and the development of osteoarthritis following ACL 
injury[56]. When compared to a healthy knee, the knee with ACL injury had a higher rate of 
MODIFIED FIFA 11+ ON FITNESS 
 9 
cartilage loss due to the rotational change from the injury[57]. Restoring proper gait could 
perhaps slow the development and progression of osteoarthritis because the cartilage would be 
loaded correctly. Maintaining body weight and engaging in regular exercise may also prevent 
osteoarthritis progression in the young adult population[53]. 
 
Injury Prevention Methods 
 There are several injury prevention methods in the literature, including programs 
focusing on proprioception, balance, neuromuscular effects, plyometric training, sport-specific 
training, and stretching. The effects of these interventions alone and combined with one another 
have been studied in the context of injury prevention. 
 
Stretching 
 One popular strategy that may be used to decrease injury risk or to enhance athletic 
performance is stretching. This can be done as a pre-participation or as a post-participation 
method. If completed before an athletic event, the stretching is used with range of motion in 
mind. If sufficient range of motion can be achieved, muscle stiffness can be decreased, and 
muscle compliance can be increased, allowing the activity to be performed with a decreased risk 
of injury[58]. There are different types of stretching, including static, dynamic, passive, and 
active. No matter the type, the goal is to affect both injury risk and athletic performance[58]. 
 One population that has been used for studies regarding effectiveness of stretching in 
injury prevention is army recruits or trainees[32, 33, 59]. Although each study examined the 
effects of static stretching on instance of injuries, the results of the studies were mixed[32, 33, 
59]. Different combinations of stretches and time stretching were used. Some studies found that 
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stretching was beneficial in relation to number of instances of injuries[33]. In one study, two 
different companies going through basic training were used; the control company went through 
normal basic training while the intervention group did the same, but added three sessions per day 
of hamstring stretching. Both companies had hamstring flexibility measured before the training 
began[33]. For thirteen weeks, the sessions were hamstring stretching only, with five sets of 
thirty-second stretches in each leg. With statistical significance, hamstring flexibility increased 
and number of injuries decreased in the intervention group compared to the control group. In this 
case, the stretching protocol was reduced the overuse injury in lower extremities[33].  
On the other hand, these results are not the case in other studies[32, 59]. A study done on 
Japan ground defense force military recruits used a protocol for twelve weeks of four upper 
body, seven lower body, and seven trunk static stretches. The control group did not stretch, and 
the intervention group stretched before and after training for a twenty-minute session. The 
intervention group has a statistically significantly lower number of muscle-related injuries as 
compared to the control, while the bone and joint injuries were not prevented[32]. While these 
studies show that static stretching may be beneficial, others do not[59]. For example, a protocol 
of stretching each of six major lower-limb muscles for a single session per day for the duration 
of twelve weeks was used to assess number of injuries. Each static stretch was held for twenty 
seconds, and when compared to the control group of army recruits who did not stretch before the 
physical training sessions, there was no significant effect of the static stretching on the number of 
injuries in the army recruits of the study[59].  
Other studies combine stretching with a warm-up. The thought behind adding a warm-up 
is that there could be several potential added benefits including an increased speed and force of 
muscle contractions, increased speed of nerve transmissions, and increased blood flow to the 
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tissues in use[37]. These hypothesized physiological benefits may help reduce risk of injury. For 
example, a faster neural transmission could possibly help an individual avoid injuries by 
improving the individual’s reaction time[37]. Other findings have found that if stretching is 
performed as a pre-participation activity, the ability to generate maximal force is reduced[58]. In 
this case, stretching would be detrimental to an individual’s performance. This conclusion is not 
supported by some other literature[60]. In a study of Portuguese children aged 9-12, the 
association of flexibility and motor competence was examined through using a body 
coordination test (Körperkoordination Test für Kinder) consisting of balance, jumping laterally, 
hopping on one leg over an obstacle, and shifting platforms. The flexibility tests (sit-and-reach 
and trunk lift) were found to be significant predictors of motor competence, perhaps suggesting 
that the development of flexibility in combination with other fitness variables may be integral in 
developing motor competence[60]. Overall, the literature is inconclusive regarding whether 
flexibility is beneficial in reducing injury risk and fitness test performance[32, 33, 37, 58-60].    
 
Sport-Specific and Neuromuscular Training 
Warm-up protocols including neuromuscular training are widely studied, indicating it is a 
reliable method to reducing injury rates among several populations. These injuries include those 
to the hamstring muscle and to the knees[8, 29, 34, 35]. 
Including sport-specific training can decrease hamstring injury and competition days 
missed[34]. The implementation of an intervention program including stretching when fatigued, 
sports-specific training drills, and high-intensity anaerobic interval training significantly 
decreased the hamstring injuries in an Australian Rules football team over the course of four 
seasons. Combining several aspects of training to create an intervention with neuromuscular 
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effects is advantageous and can be seen in other training protocols such as neuromuscular 
interventions[8, 29, 35]. 
As for the relationship between neuromuscular training and injury, both middle schoolers 
and high schoolers have been studied[8, 29]. At the school-age level, in one study, the females at 
the middle schools and high schools in a school district were divided into different intervention 
groups: the CORE intervention group doing exercises focused on trunk and the lower extremity 
and the SHAM intervention group doing resisted running with elastic bands[29]. When 
compared to the SHAM intervention, the neuromuscular CORE group had a reduced injury 
incidence rate, reporting a rate of 5.34 injuries/1000 athlete exposure compared to the 8.54 
injuries/1000 athlete exposures from the SHAM group. When specified by injury, the CORE 
intervention reduced knee injuries at the middle school level more than the SHAM 
intervention[29]. In another study, after incorporating a 6-week preseason neuromuscular 
training program to the intervention group comprised of 43 sports teams from 12 high schools, 
the incidence of knee injuries can be analyzed[8]. The untrained female athletes were 3.6 times 
more likely to sustain a knee injury than the trained female athletes and the difference in the 
noncontact injury rates between the groups was significant[8].  
These effects are studied in older individuals at a higher level of sport, specifically the 
high school and collegiate level. In a study of women ages 14-18, the effects of a traditional 
warm-up were compared to a sports-specific training intervention. This intervention used a 
neuromuscular and proprioceptive training program including education, strengthening, 
plyometrics, and sport-specific drills as a warm-up protocol[5]. In the first year of the 
intervention, there was an 88% decrease in ACL injury in the intervention subjects as compared 
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to the control group and this trend continued into the second year, where there was a 74% 
reduction in ACL tears in the intervention group compared to the control group[5].  
These findings extend to the collegiate level. One study examined Division I women’s 
soccer teams; the intervention group completed a neuromuscular and proprioceptive training 
program three times per week[35]. The study concluded that this program centered on 
neuromuscular control seemed to have reduced the risk of anterior cruciate ligament injuries in 
this sample. The overall ACL injury rate was 1.7 times less in the intervention group overall and 
3.3 times less in the intervention group for non-contact injuries[35]. 
It is also possible to compare incidence of knee injury in males and females. Three 
groups, female athletes trained in a neuromuscular program, untrained females, and untrained 
males. After six weeks, there was not a significantly different incidence rate of knee injury in the 
trained females compared to the males[8]. Analyzing this injury rate across sexes can help 
highlight the female vulnerability to ACL injury.   
 
FIFA 11+ 
One warm-up protocol with the aim of reducing injuries in males and females ages 
fourteen and older, more specifically soccer athletes, is the FIFA 11+[13-15, 61]. This program 
was developed by the FIFA Medical Assessment and Research Centre (F-MARC) and consists 
of exercises using running, strength, balance, and jumping[12, 13]. The program combines 
stretching in the running segment, as the running is completed at a low velocity and includes 
active stretching. In total, it is a twenty-minute program: one component uses skills such as 
cutting and change of direction; the strength, plyometric, and balance component emphasizes 
core strength, control during the eccentric portion of a movement, and proprioception; lastly, a 
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final component with running exercises is completed[14]. Each of the exercises has varying 
levels of difficulty, so the athlete can progress or regress as necessary[13, 44]. The main focus 
when introducing this protocol to athletes is to improve the body awareness, neuromuscular 
control, and muscular strength by completing these exercises[14, 15, 36]. Figure 1 portrays the 
protocol divided into the three parts. 
 
FIFA 11+ For Kids 
 FIFA 11+ For Kids is a modification of the FIFA 11+ program developed for children 
between the ages of 7 and 13. It focuses on improving coordination and balance, strengthening 
the leg and core muscles, and optimizing falling techniques[16]. It is composed of seven 
exercises. Like the FIFA 11+, the exercises are to be performed at the beginning of each training 
session and will take a total of 15-20 minutes to complete. There are five levels per exercise, 
progressing in difficulty. The child is permitted to move to the next level if he or she can 
correctly perform an exercise on multiple occasions with little or no corrections[16]. The 
exercises consist of: “Alertness” running game, skating jumps, single-leg stance, press-ups, 
single-leg jumps, Spiderman, and sideways roll. Each exercise and its respective progressions are 
outlined in Figure 2. 
 There is limited literature surrounding the FIFA 11+ For Kids and its effectiveness, but 
studies on youth soccer have indicated that the program may be beneficial for increasing 
performance and minimizing injury[62, 63]. In one study, twelve soccer teams were divided at 
the team-level into intervention and control teams, with the intervention group performing the 
FIFA 11+ For Kids Protocol two times per week for a total of ten weeks and the control group 
performing a standard warm-up lasting the same amount of time[62]. Pre- and post-tests for 
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multiple tests were used to assess the effectiveness and showed likely beneficial effects in a 
balance test (right side) and agility run, possibly beneficial effects in the balance test (left side) 
and jumping, and likely little effects for single-leg balance and for a 20-meter sprint[62]. The 
other study divided the players within each team, with the intervention group completing the 
program two times per week for a total of four weeks and the control group completing a normal 
warm-up routine. Thirteen physical performance measures were taken, and the data showed that 
the intervention group performed better in dynamic postural control, vertical jump height, agility 
run, and horizontal jump while the control group performed better in the 20-meter sprint and the 
wall volley test[63]. In both scenarios, implementation of the FIFA 11+ For Kids was able to at 
least slightly enhance performance in the physical performance tests[62, 63]. With the increased 
performance in these domains, it is logical to conclude that the soccer injuries may be reduced in 
children who regularly complete the FIFA 11+ For Kids protocol[62].  
 
Effectiveness of FIFA 11+ in Injury Prevention 
Initial studies of the FIFA 11+ analyzed the effectiveness in injury prevention regarding 
female soccer athletes knee injuries, specifically of ACL[5, 8, 35]. More currently, the research 
has extended to the population of male soccer players and to athletes of various levels and ages. 
For example, a population of African male youth soccer players was studied[15]. Overall, there 
were significantly lower injury rates in the intervention group that completed the FIFA 11+ 
protocol compared to the control group. Specifically, the FIFA 11+ reduced the overall injury 
rate by 41% and the lower extremity injury rate by 48% at a significant level[15].  
Youth female soccer players were also researched to examine the effectiveness of the 
FIFA 11+ in reducing the risk of injury. Once again, the participants were divided into control 
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and intervention groups, with the intervention group completing the warm-up program before 
every training session through the duration of the season (the program was also completed as a 
warm-up for each game)[13]. The control group did not perform a structured warm-up protocol. 
The results were divided into different outcomes, with the intervention group having a 
significantly lower risk of injuries when the data was sorted by overall, overuse, and severe 
injuries[13]. Unlike the aforementioned study on male youth soccer[15], the calculated reduction 
in injuries to the lower extremity did not reach a level of significance. At the youth level, these 
studies indicate that the FIFA 11+ warm-up protocol is effective in reducing injuries in soccer 
players. 
 Research regarding the effectiveness of FIFA 11+ has also been completed at the 
Division I and II collegiate levels. At the collegiate level, male Division I and II teams were 
looked at, dividing each into control and intervention groups, respectively. For each division, 
there were a significantly higher number of game injuries per team in the control group 
compared to the intervention group[14]. In both divisions, incidence of injury among the control 
group was significantly higher than that of the intervention group. Other examined variables 
were age and position, showing no significant difference in injury risk in the different ages or 
position[14]. This supports the idea that the FIFA 11+ is effective in multiple age groups. 
 
Fitness Testing 
 Starting in the 1950s, fitness testing has evolved through the years, first evaluating motor 
fitness and more recently evaluating health-related physical fitness[20]. There is a strong 
relationship between health outcomes and fitness in young people, so it is important to do this 
testing[20, 64]. It is common to measure factors such as cardiorespiratory fitness, body 
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composition, flexibility, and muscular strength and endurance, and the FitnessGram testing 
protocol does just that[20, 21].  
 
FitnessGram 
 The FitnessGram utilizes a variety of fitness-based tests to classify the student based 
upon his or her risk of metabolic syndrome. It is designed to measure aerobic capacity, body 
mass index, abdominal strength and endurance, trunk extensor strength and flexibility, upper 
body strength and endurance, and flexibility[21]. To measure cardiovascular fitness, tests such as 
The Progressive Aerobic Cardiovascular Endurance Run (PACER) test or a one-mile run or walk 
is used. An equation can be applied to any one of these aerobic tests to convert them to VO2max 
scores, representing aerobic capacity. The other tests measure muscular strength and endurance 
and flexibility and consist of a push-up, curl-up, trunk lift, and sit-and-reach test.  
The results of the tests classify the student into categories based on risk of metabolic 
syndrome. A person has metabolic syndrome when a cluster of symptoms that increase their risk 
of other complications such as cardiovascular disease and diabetes is present. If a person is in the 
healthy fitness zone, “HFZ,” he or she is considered to have very low risk of metabolic syndrome 
and a good fitness level. “NI-HR” means that the student needs improvement and 95% of 
children without metabolic syndrome have fitness levels above this. At the lower end, “NI” 
means that they have an aerobic capacity that could indicate moderate risk of metabolic 
syndrome[21]. Although all students are classified by these criteria, the standards are age- and 
sex-specific. Overall, the data of the FitnessGram tests can help identify who could benefit most 
from an improved fitness level, which is consistent with the goals of fitness testing in general[20, 
21].  
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Sex Differences in FitnessGram Results 
 Sex differences in FitnessGram results has been studied, specifically focusing on 
cardiovascular and body composition values[19, 65, 66]. In Georgia, growth curve models were 
used to take the percentage of students reaching the HFZ and estimate the annual changes[65]. 
At the elementary school age, both sexes significantly improved the proportion in the HFZ over 
time. As for body composition, the boys had significant increases in the proportion reaching the 
HFZ. The trend was not found to be the same among middle school and high school 
students[65]. The same variables were examined in St. Louis, Missouri, and it was found that sex 
was a significant predictor of fitness category achievement in the FitnessGram aerobic capacity 
test and in body percent fat[19]. For both of these measures, a higher proportion of girls failed to 
meet the HFZ category. Another statistic was that, according to the FitnessGram classifications, 
>66% of the students (both sexes) had risk factors for metabolic syndrome[19]. It is very 
important to note this, as the data can help schools create new approaches to improve fitness and 
reduce risk for metabolic syndrome among students[20]. 
 A significantly larger sample was used to examine cardiorespiratory endurance across 
sexes in 50 countries. Data from 1,142,026 people ages 9-17 was used to create normative values 
for 20m shuttle laps and for VO2peak value[66]. There were some sex-related differences: 
regardless of the age group, boys outperformed girls and a higher proportion of boys had a 
healthy cardiorespiratory endurance value than girls[66]. These differences increased with age. 
There was a finding regarding cardiorespiratory endurance that did not concern sex; the 
prevalence of healthy cardiorespiratory endurance decreased with age[66]. These findings are 
important because they help capture the problem and changes can be implemented from there. 
  
MODIFIED FIFA 11+ ON FITNESS 
 19 
Reliability and Validity of FitnessGram Testing 
 Reliability of the FitnessGram can be assessed by first looking at the individual testing 
components[67-70]. Two studies looked at the reliability and validity of the sit-and-reach testing 
component[67, 69]. They had very similar findings: the back-saver sit-and-reach test was a better 
measure for hamstring flexibility than lower back flexibility, but is not a good measure for either. 
In the study on elementary school children, the test was deemed unacceptable to moderate in 
validity for hamstring flexibility and extremely low in validity for lower back flexibility[67]. 
These findings were the same in middle school girls and boys; the validity of the back-saver sit-
and-reach test as a measure for hamstring flexibility was moderate and the validity for lower 
back flexibility was low[69]. 
 Other tests were also examined, namely the trunk lift and the mile run/walk and 
PACER[68, 70]. The trunk lift test was found to be highly reliable in high school boys and girls, 
and it is suggested that the relationship between low back pain and trunk lift scores be 
investigated[68]. When college-aged participants completed the trunk lift test twice per day for 4 
days, the reliability was found to be very high[71]. As for the mile run/walk test and the PACER 
test, there were sex differences in these 4th and 5th graders. There was a similar percentage of 
boys who passed the PACER and the mile run/walk test, but the percent of girls who passed the 
PACER test was much higher than the percent of girls who passed the run/walk test[70].  
 
Relationship of FIFA 11+ and Fitness Variables 
 There is an abundance of literature regarding FIFA 11+’s effects on injury prevention, 
but there is limited information about its effectiveness on fitness. With that being said, some 
findings include increased strength, vertical jump measures, agility, sports skill, stabilization, 
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core stability, and aerobic performance[39-42]. To measure effectiveness, some studies 
compared the FIFA 11+ to the HarmoKnee program[40, 41]. In one study on young male 
professional soccer players, the FIFA 11+ was effective in increasing quadriceps and hamstrings 
strength at 30º, 60º, and 90º of knee flexion, while a comparable program, HarmoKnee, only 
showed improvements in quadriceps strength[40]. In another study of professional soccer 
players, the group using the HarmoKnee program experienced an increase in soccer skill, but the 
FIFA 11+ was overall more effective, as it increased their vertical jump scores, agility, and 
soccer skill[41]. As for effects on stabilization, male amateur soccer players were found to have 
a faster time-to-stabilization and more core stability after using the FIFA 11+ program three 
times per week for nine weeks[42]. Other outcomes that have been analyzed include muscle 
structure and activation[72, 73]. Findings may suggest an alteration in neuromuscular control 
following the intervention and activation of the hip abductor muscles and abdominal rectus 
during the FIFA 11+ intervention[72, 73]. 
 
Recent Related Findings 
 In Texas, students in sixth grade completed a “FitnessGram Friday” once per week with 
the goal of improving fitness, specifically aerobic and muscular endurance. There were 
significant improvements in push-up scores, trunk lift scores, and mile run times across 
sexes[74]. In addition, the percentage of students achieving “Healthy Fitness Zone (HFZ)” 
classification greatly increased across sexes (3% to 22% after intervention in males and 4.5% to 
20% after intervention in females)[74].  
 There is one study that is closely related to the aim of this study, analyzing the effects of 
a neuromuscular training program on fitness variables. Students, ages 11-15, in physical 
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education class either completed a 12-week neuromuscular training program or a standard warm-
up including running and stretching[39]. The neuromuscular training program included aerobic, 
strength, balance, and agility components. Results showed that the intervention program was 
more effective than the control in reducing injury rates, reducing waist circumference, and 
increasing aerobic fitness. At the time of publication, this study was the first pilot randomized 
controlled trial studying the efficacy of an injury prevention program in junior high school 
students[39]. The training program closely models the warm-up program that was implemented 
in this study at WCS and SCS in Vermont. 
 
Review of Similar Study 
 A recent study from Richmond et al examined the effects of a neuromuscular training 
program on sport injury risk and health outcomes[39]. Two middle schools of equivalent 
socioeconomic areas in Calgary, Alberta were randomly assigned to either the intervention group 
or the control group for a 12-week period. These schools were composed of students in grades 7, 
8, and 9. Students were excluded from the study if they had a medical condition and/or history of 
musculoskeletal disorders that would prevent full participation in physical education classes. In 
Alberta, the physical education classes complete 150 minutes per week of physical education 
class, divided in any way. These schools completed this by having physical education class two 
or three times per week. 
 Primarily, the study aimed to analyze the effects of the neuromuscular training on all 
sport injury. As for secondary outcomes, the study examined lower extremity injury, injury 
resulting in time loss, ankle and knee sprain injury, changes in waist circumference, and changes 
in aerobic fitness. These variables were collected in each school by trained certified exercise 
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physiologists or physiotherapists, and they were blind regarding if the students were in the 
control or intervention group. Waist circumference was measured to the nearest 0.5cm, height to 
the nearest 0.5cm, weight to the nearest 0.1kg, and aerobic capacity was indirectly measured 
with a multistage shuttle run test, the Leger 20m shuttle run test[75]. 
 Both the intervention and the control groups completed a 15-minute warm-up prior to 
physical education class. The students in the intervention group completed a progressive, 
continuous neuromuscular training aerobic session and a 5-min training component focusing on 
balance as well as core and lower extremity strength. The exercises of the neuromuscular 
training sessions were chosen because they were able to produce at least 75% of max heart rate 
(as measured weekly by a heart rate monitor), an intensity that has been demonstrated in the past 
to increase cardiorespiratory fitness and decrease body fat in adolescents. The warm-up of the 
control group consisted of a 10-minute low-intensity jog around the gym and a 5-minute session 
of static and dynamic stretching. In both schools, the physical education teacher taught the 
warm-ups at the beginning of each physical education class. The teachers learned the respective 
warm-up from a certified exercise physiologist and physiologist prior to the start of the study. 
Additionally, the teacher was blinded to components of the exercise program in the other school. 
All participating students kept a weekly journal documenting leisure time physical activity and 
weekly sport participation.  
 Overall, the neuromuscular training was shown to reduce the risk of injuries (all, lower 
extremity, and time-loss), matching similar studies. Waist circumference increased in both 
groups, but the increase was significantly less in the intervention school. There was a small 
change in aerobic fitness overall. The authors of the study expressed that this could be clinically 
relevant considering the short duration of the study. They noted a couple limitations, too, 
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specifically that they did not require the students to record their energy intake (something that 
could explain the body composition results) and they noted that the weekly questionnaires rely 
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Chapter 3: Methods 
Goals and General Procedure 
 The goal of the study is to compare fitness assessment scores among middle school 
students to assess the effects of a modified FIFA 11+ warm-up protocol. The PACER, curl-up, 
and sit-and-reach scores are used to measure cardiovascular fitness, muscular endurance, and 
flexibility, respectively. At Williston Central School, the students in the fall 2016-spring 2017 
year completed a typical physical education class warm-up, and that same group of students 
(with only a few exceptions) completed a modified FIFA 11+ warm-up prior to physical 
education class in their fall 2017-spring 2018 school year. The change in test scores in the fall 
and spring of the non-intervention year as well as the change of test scores in the fall and spring 
of the intervention year can be compared to observe if the implementation of the modified warm-
up had an effect on the three FitnessGram test variables. The WCS data from the 2014-2015 
school year were incorporated because it included students of the same grades. The data from the 
non-intervention year were comprised of students grades 5-7 and the data from the intervention 
year were comprised of students grades 6-8 to capture the same group of students. The 2014-
2015 data has information from grades 5-8, so the information can be compared to the students 
of the same grades. The same warm-up protocol was implemented in Shelburne Community 
School from fall 2017-spring 2018. The FitnessGram data from the fall and spring of that year 
can be used to assess the fitness changes throughout the intervention year, and the change in test 
scores from fall to spring in SCS can be compared to the changes in WCS. Overall, the trends in 
FitnessGram scores can be compared between the two middle schools to assess the effects of a 
modified FIFA 11+ warm-up protocol on fitness variables in middle school students. 
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Subject Sample 
 Students at WCS are divided into five class periods, each a random mix of students with 
an average of 25 students per class. Class placement is determined by the student’s world 
language schedule at the beginning of the year. Students stay in the same class for the majority of 
cases except of those of severe injury, etc. WCS is composed of students grades 5-8 and SCS is 
composed of students grades 6-8. FitnessGram testing is completed twice each year at each 
school, once in the fall and once in the spring. In the comparison between the non-intervention 
year and intervention year at WCS, only students with scores in all four tests were used for 
analysis. At SCS, only students with score in both the fall and the spring tests were used for 




 Physical Education Structure. Williston Central School follows the structure of twelve 
weeks of physical education class on Monday-Friday, twelve weeks of no physical education 
class, and finish the school year with twelve weeks of physical education class on Monday-
Friday. Each class was composed of approximately twenty-five students, and there were five 
classes per rotation. There were three rotations total. The classes were composed of students 
from any grade level, as physical education schedule was based on the child’s world language 
class schedule. In the fall, the students spent one week learning the protocol.  
 At WCS, when the students were in physical education class, they spent about 2.5 weeks 
completing the intervention prior to class. They would then spend about a week completing 
FitnessGram testing, and finish with approximately 2.5 weeks completing the intervention before 
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gym class. One group from the second rotation was chosen to do gymnastics in class. This setup 
caused the cardio program to be skipped for two weeks and the strength program to be completed 
on Monday, Wednesday, and Friday prior to FitnessGram testing the second time. The third 
rotation completed their FitnessGram testing early in the spring due to their scheduled spring 
break from school. That group of students implemented the protocol for only three days before 
being tested.    
 Shelburne Community School followed a physical education structure of two classes per 
week. The students completed the modified FIFA 11+ warm-up protocol before physical 
education class, with one class each week being the cardiovascular exercises and the other class 
being the strength exercises. Each class had approximately twenty students and the classes were 
composed of students of the same grade level. It took about one total class for the students to 
learn the implemented warm-up protocol. The FitnessGram assessment was completed in the fall 
and in the spring. 
 Past Warm-Up. At WCS, when the students were in a non-intervention year, they would 
complete their typical warm-up prior to their physical education class. For example, in the fall 
2016-spring 2017 year, the students would run one lap around the track (the track is around an 
athletic field and is a bit longer than 400m) or ten laps around the gym as a cardio warm-up, and 
this occurred every Monday, Wednesday, and Friday. For a strength warm-up, the students 
would complete an exercise similar to a star balance excursion test and do some push-ups and 
squats. The students did not complete this together; instead, they began after they got changed 
into gym clothes.  
 At SCS, in the past, students would complete a warm-up before the start of class. If the 
student did not wear gym clothes to school that day, they would have to change before class. 
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While those students changed, the others would complete some exercises written on the board: 
one being cardio, and 1-2 being strength or flexibility. Once everyone was ready for class, the 
students picked 3 exercises from a list of 10-15 to complete for a dynamic warm-up. Some 
options included inch worms, butt-kicks, high knees, etc. 
 Implemented Warm-Up. At WCS, in the fall 2017-spring 2018 year, a modified FIFA 
11+ warm-up was implemented. Five classes were needed for a certified athletic trainer to teach 
the students the warm-up in the first rotation of the implementation. In the first class, the students 
learned exercises 1-5 of the cardiovascular protocol. In the second class, they learned exercises 
1-4 of the strength protocol. They then learned the remainder of the cardiovascular and strength 
programs on the third and fourth days, respectively. The fifth class was used to review the 
entirety of both the cardiovascular and the strength protocols. For the second rotation, in the 
spring of 2018, the students came off of their twelve-week break of physical education class. 
This time around, the students only required one full class day, a forty-minute block, to review 
the warm-up protocol. 
 At SCS, a certified athletic trainer taught the warm-up intervention and was present for 
most of the implementation for the classes. The physical education teacher was there to assist. It 
took about a full class total of time to teach the students the protocol.  
 As for learning the protocol, none of the physical education teachers taught the program. 
The teaching of the protocol was done by certified athletic trainers from the University of 
Vermont. The athletic trainers taught the WCS physical education teachers about the program, 
showing them what should be corrected when the students completed it. During the learning 
period of the exercises, there was a minimum of three people correcting the students. After the 
learning period, only the physical education teacher was present during class to correct the 
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students. There were warm-up charts posted in the gym. The cardiovascular warm-up (Table 1) 
was posted by the cones and the strength warm-up (Table 2) was posted on the wall that the 
students face. At both schools, the physical education teacher was present to assist with the 
warm-up each day. 
 Cardio Set-Up. On Mondays, Wednesdays, and Fridays, the students completed the 
cardiovascular protocol of the modified FIFA 11+ protocol prior to the gym activities. At WCS, 
the gym was set up in order for the length of a basketball court to be used. Five different colored 
cones were set up, with one at the baseline, foul line, midline, other foul line, and end of the 
court. At SCS, there were also five cones set up across the gym and the students were in four 
lanes, usually the same lane each time. Exercises were to be completed at four of these cones. 
The students jogged to each cone, completed the chosen exercise at each cone, then jogged the 
full way back. 
 Cardio Protocol. The cardiovascular exercises were modeled after the FIFA 11+, but 
some exercises were modified. Table 1 shows the exercises performed in class. For the “Hip In” 
and “Hip Out” exercises, the students would perform the exercise on the right leg at the first and 
third cone and on the left leg at the second and fourth cone before jogging back. It is important to 
note that the “Shuffle Jump” exercise is modified from the “Shoulder Contact” exercise in FIFA 
11+. In the modified program, there was no partner contact. Figure 1 outlines the protocol for the 
FIFA 11+. Another important note is that the “Plant and Cut” from FIFA 11+ was modified to be 
“Plant and Pause.” The pause was used instead, so the student would have to hold the position 
longer. The students did not have to change direction as quickly with this modification. The 
other exercises were the same as the FIFA 11+ exercises. 
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 Strength Set-Up. On Tuesdays and Thursdays, the students completed the strength 
protocol of the modified FIFA 11+ protocol. At WCS, the students lined up down the basketball 
in three courts while facing the wall. Every student completed the warm-up together. At SCS, the 
students found a spot on the line or sometimes would stand in a circle to perform the exercises. 
 Strength Protocol. Similar to the cardiovascular protocol, the strength exercises were 
modeled after the FIFA 11+, but some exercises were modified. Table 2 shows the exercises 
performed in class. One difference between the FIFA 11+ and the modified program is with the 
“Side Bench.” In the modified program, the students could either stack their knees or their feet, 
depending on skill level. The students progressed as they felt comfortable and as form allowed. 
The time domain was the same: twenty to thirty seconds. For the “Single Leg Balance,” the 
students kept their hands on their hips instead of holding a soccer ball. The modified FIFA 11+ 
program did not complete a hamstrings exercise. This decision was made for several reasons: 
students may be too young or unable to perform the movement, the gym floor is uncomfortable 
to directly put their knees on it, and the school policy is to try to avoid the students from 
touching one another. Instead, the students did a “T-Balance,” as noted in Table 2. The T-
balance is a single-leg Romanian deadlift with just bodyweight. This was performed after the 
“Single Leg Balance,” so the students would already be warmed up to do another single-leg 
exercise. This is a different order than the typical FIFA 11+ protocol. For the “Squat to Toe 
Raise,” the students did the repetitions as they could, about ten to fifteen total. Lastly, the 
modified program added push-ups to the strength warm-up. The students were instructed to 
complete any variation that is challenging for them, for a total of ten to twenty reps. For 
example, students could complete their push-ups against the wall, on their knees, or do eccentric 
push-ups. The other exercises are the same as found in FIFA 11+’s Level 1 category.  
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Measurements 
Testing Procedure. Once the students reached their FitnessGram testing week, the 
ordering of the tests may have differed, but they were all completed in the week time period. At 
both schools, the students had the option to repeat a test if they wanted to improve the score or if 
they were absent on the day of the test. At WCS, each student recorded his or her own score and 
turned it in to the teacher after class to be inputted into the computer by a teaching assistant. At 
SCS, each class was split into two groups. One of the groups did an activity or sits on the 
sideline while the other group does the FitnessGram assessment. The physical education teacher 
scored all of the students for each fitness assessment. At WCS, the protocol was altered for 
students who need modifications. At SCS, the students could modify the exercises, but the score 
would only count for the repetitions of non-modified exercises completed. 
PACER. The PACER test measures the aerobic capacity of the student. At WCS, the 
student must run twenty-meter distances at a certain pace, and the pace becomes faster each 
minute. If the student makes it across the twenty meters before hearing a beep, they must wait 
until the beep sounds before starting up again. A triple beep sounded at the end of each minute 
and signified that the pace was about to increase. At WCS, there was one student counting per 
each student participating in the test. If the student was close to missing the line or just missed it 
in the time limit, the counter put one hand up to signify a warning. The counter stayed at one 
endline the entire time. If another mistake is made, then the student is done with the test. The 
student then records the number of laps that he or she successfully completed. In the past, the 
student had to either touch the line, or have one foot over the line. Starting in fall 2018, the 
students were required to have two feet over the line. 
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At SCS, the students completed the 15-meter PACER test due to the size of the gym. 
PACER15 scores can be converted to PACER20 scores to compare the scores and to calculate an 
aerobic capacity value for the student. Figure 3 shows the conversions. The students were 
required to have only one foot touch the line for each distance covered. Similar to WCS, the 
students at SCS were allowed one warning.  
 Curl-Up. To measure abdominal strength and endurance, the curl-up test is performed. A 
3-inch wide piece is used for 5- to 9-year old children, while older students use a 4.5-in wide 
piece of tape. The student will lie down on a mat with bent knees and feet flat on the floor, 
aligning their fingertips with the top of the strip of tape. Following the cadence of a CD, the 
student will curl-up far enough so the fingers pass the other end of the tape. Like the PACER 
test, each student is allowed two mistakes. Upon the first mistake, the counter taps the student’s 
foot, and upon the second mistake, the test is over. The student is credited for the last successful 
completed repetition. The student records his or her score at the end of the test. 
 Sit-and-Reach. To measure flexibility, the students complete the sit-and-reach test as 
part of the FitnessGram testing procedure. The student removes his or her shoes and sits on the 
floor with one leg straight and against the measuring box and one leg bent with the foot flat on 
the ground. The student places one hand on top of the other, with palms facing down. From here, 
the student reaches as far as flexibility allows. The student performs this test three times for each 
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Chapter 4: Results 
Four variables were analyzed at WCS and SCS: PACER, aerobic capacity, curl-ups, and sit-and-
reach (an average of right and left sides). 
 
Williston Central School 
Intervention Year.  Comparing the pre- to post-tests of intervention year at WCS 
demonstrated a significant decrease in PACER score (p < 0.001), a significant increase in curl-up 
(p = 0.030), and a significant increase in sit-and-reach scores (p < 0.001).  
 Intervention Year Versus Non-Intervention Year. The intervention year had 
significantly higher pre-test scores in the PACER, curl-up, and sit-and-reach tests. The 
intervention year had significantly lower post-test scores for PACER, and significantly higher 
scores for curl-ups and sit-and-reach. The change from pre- to post-test in PACER scores was 
significantly lower in the intervention year than in the non-intervention year, and the intervention 
group showed a significant decline from the pre-test (p < 0.001) and the non-intervention group 
showing no significant change. The change from pre- to post-test in curl-ups showed a 
significant increase in both the intervention and non-intervention years. The increase was larger 
in the non-intervention year, but this was not a significant difference from the intervention year 
(p = 0.207). As for sit-and-reach, the change from pre- to post-test was greater in the intervention 
year. The intervention year showed a significant increase and the non-intervention year did not 
show a change. Comparing the changes from pre- to post-test scores in the intervention and non-
intervention years demonstrated a non-significant increase in sit-and-reach scores (p = 0.033). 
The amount of decline in PACER scores and aerobic capacity in the intervention year was 
significantly related to pre-test score, and the higher pre-test scores showed the largest decline. 
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For curl-ups, the increase in score from pre- to post-test was inversely related to the pre-test curl-
up score, and this relationship did not differ between the intervention and non-intervention years. 
Results can be seen in Table 3. 
 Intervention Year Versus Non-Intervention Year in Males and Females. The males 
scored significantly higher in pre- and post-test scores for PACER, aerobic capacity, and sit-and-
reach compared to the females in both the intervention and non-intervention years, but there was 
no significant difference in curl-up scores. The differences in pre-test scores between the 
intervention and non-intervention years were similar for males and females except the curl-ups. 
The curl-ups showed a bigger increase from the non-intervention to intervention year for boys 
than girls (p = 0.033). The differences between the intervention and non-intervention years on 
post-test scores did not differ significantly between males and females in any measure. Results 
can be seen in Table 4. 
 Non-Intervention Year Versus 2014-2015 Data in Grades 5-7. There were no 
significant differences in pre- or post-test scores. The changes in score from pre- to post- test in 
PACER and aerobic capacity were greater in 2014-2015 than in the non-intervention year. The 
changes in score from pre- to post-test in curl-ups and sit-and-reach did not differ between the 
2014-2015 school year and the non-intervention year.  
 Intervention Year Versus 2014-15 Data in Grades 6-8. There were no significant 
differences in pre-test PACER, aerobic capacity, and curl-up scores. Pre-test sit-and-reach scores 
were higher in the intervention year. The intervention year had significantly lower post-test 
scores for PACER and aerobic capacity compared to 2014-2015. The intervention year had 
higher post-test sit-and-reach scores than in 2014-2015. The curl-up scores did not differ 
between the two years. The change in score from pre- to post-test in PACER and aerobic 
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capacity was greater in 2014-2015 than in the intervention year, with 2014-2015 showing a 
significant increase from pre- to post-test and the intervention year showing significant 
decreases. The change in score from pre- to post-test for sit-and-reach was significantly greater 
in the intervention year than in 2014-2015 and the change in curl-up score did not differ between 
the intervention year and 2014-2015. 
 
Shelburne Community School 
 Between the two FitnessGram tests, there was a non-significant decline in PACER score 
(p = 0.18), a non-significant increase in curl-up score (p = 0.96), and a non-significant decline in 
sit-and-reach score (p = 0.31). These results can be seen in Table 5. 
 
WCS vs. SCS 
 The changes in PACER score were significant and larger in WCS compared to SCS (p < 
0.001). The changes in curl-up score between the two schools was not significant (p = 0.208). 
The changes in sit-and-reach score between the two schools was significant (p < 0.001). Since 
SCS had a non-significant decline while WCS had a significant increase in sit-and-reach, there 
was a significant difference between the pre- and post-test differences between the schools. The 
pre-tests were lower at SCS for PACER and significantly higher for curl-ups (p < 0.001) 
compared to WCS. The SCS post-tests were significantly higher for curl-ups (p < 0.001) and 
were lower for sit-and-reach compared to WCS. The declines in PACER score were significant 
and larger in WCS compared to SCS which is partly due to the inverse relationship between pre-
test score and size of decline, as SCS had lower pre-test scores. These results can be seen in 
Table 5. 
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Chapter 5: Discussion and Conclusions 
 
 This study examined the effects of a modified FIFA 11+ warm-up on fitness variables in 
middle school students at two Vermont middle schools. Overall, there were favorable effects on 
the curl-up assessment, unfavorable effects on the PACER, and mixed results on the sit-and-
reach test. It was consistent across both schools that PACER score, measuring cardiovascular 
fitness, decreased. Across the intervention years alone, curl-up scores increased in both schools 
and sit-and-reach scores had mixed results. When comparing the non-intervention to intervention 
year at WCS, curl-ups decreased and sit-and-reach increased. The schools followed different 
gym schedules, but the results showed the same trends. 
 The decline in PACER score may be due to the change in warm-up from a typical year to 
an intervention year. At WCS, the students previously had to run to and around a large track 
(>400m) before starting the class activity. If weather did not permit, students ran 10 laps around 
the gym. Some students raced through the lap to get to the activity. The aerobic exercise in doing 
this may be more beneficial to cardiovascular fitness than the modified warm-up protocol. This 
may account for the decreases in PACER scores when comparing the changes in PACER score 
across the non-intervention and intervention years. Additionally, this may explain why the fittest 
group (students with higher pre-tests) had the largest declines; they may be the ones sprinting the 
warm-up lap. It is important to note that the students with the lower pre-test scores also had a 
decrease in PACER score from pre- to post-test. They may be the students who typically walk 
the warm-up lap, so it would be reasonable to conclude that the modified warm-up would be 
beneficial for their cardiovascular fitness, but it was not. It is also important to note that the 
students had the option to run around the track while the other students were changing for class, 
but, according to one of the athletic trainers teaching the modified program, only very few would 
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choose to do so. Adding a running component such as this may be beneficial for the WCS 
students. 
 SCS also showed the decline in PACER score from pre- to post-test during the year with 
the modified warm-up protocol. The warm-up completed at SCS before the intervention year 
included dynamic movements, more similar to the implemented FIFA 11+ warm-up protocol 
than what was completed at WCS. This may account for the smaller decline in PACER score 
compared to WCS. The implemented warm-up still had deleterious effects on cardiovascular 
fitness. 
 Between the WCS non-intervention and intervention years, curl-ups decreased 
significantly, suggesting that the warm-up protocol was not beneficial for abdominal muscular 
endurance in these students. Throughout the year with the intervention, the curl-ups increased at 
the two schools, with the increase being significant at WCS. The increase in that year for both 
schools may be due to including planks in the modified warm-up.  
 Sit-and-reach scores increased at WCS from the non-intervention year to the intervention 
year and throughout the intervention year while they non-significantly decreased at SCS. The 
improvements at WCS may be due to the introduction of flexibility exercises. An exercise 
specifically of note is the T-balance completed on the strength days. A T-balance is essentially a 
Romanian deadlift performed using only bodyweight. The student hinges at the hip, thus 
stretching the hamstrings during the movement. Repetitions of this may improve hamstring 
flexibility, the type of flexibility that the sit-and-reach test primarily assesses. It is logical for the 
sit-and-reach scores to improve with the addition of this movement, as flexibility was not 
addressed in the warm-ups prior. 
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 There are some key differences in the FitnessGram testing administration at WCS and 
SCS. Both schools follow the published protocol, but each school treats the use of modifications 
differently. At WCS, the students are allowed to use modifications if they choose. At SCS, a 
student can use modifications, but the repetitions completed in this manner do not count toward 
the student’s score. The students at SCS had lower scores in the PACER and curl-up in the pre-
test and modifications could be a factor. Each school recorded the assessments differently. At 
WCS, another student judged the student and at SCS, the teacher judged everyone’s repetitions. 
This may mean that the WCS values are less reliable. 
 There are testing differences in the PACER as well. Starting at the beginning of the 
intervention year, WCS required students to have both feet over the line as opposed to only one 
foot touching the line (the rule that WCS used in the past and that SCS uses). This could help 
explain why the PACER decline was largely significant in the WCS group. Additionally, due to 
facility size, SCS completes the PACER15 and WCS uses the PACER15. There is a conversion 
between the two tests, but a student at WCS still runs 5 more meters per lap which is different 
from SCS and should be considered and standardized in the future. 
 At WCS, some students did not receive the full dosage of the modified warm-up protocol. 
As noted earlier, one group at WCS completed their FitnessGram testing earlier in the spring due 
to spring break. This means that those students only received the protocol for three days as 
opposed to multiple weeks in the spring before the testing. One class did gymnastics and 
switched to skipping the cardiovascular programming for two weeks and completing the strength 
programming on Monday, Wednesday, and Friday due to how the gym was set up. These 
deviations may have a negative effect on the results. 
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 At both schools, the students were informed of the values they needed to reach to be 
considered in the “healthy fitness zone” of FitnessGram. This raises questions about the validity 
because there is a possibility that students may reach this number of repetitions and stop or slow 
down. It is difficult to measure a true maximum for a fit student if they are aware of an outside 
goal at which they feel they can stop. Conversely, a less fit individual may benefit from hearing 
this value and try harder to reach the number. It may be beneficial in a future study to measure 
each student’s engagement in attempt to gauge the effort from each student. 
 It is important to consider other factors influencing fitness in these students. Not only do 
the students complete the physical education warm-up, but they participate in the school’s 
physical education curriculum and may or may not participate in physical activity outside of 
school. Measuring external physical activity of the students was beyond the scope of this study, 
so it could not be factored into the analysis. This study was also limited because it lacked 
subject-matched historical data from SCS, so maturation cannot be compared between schools. 
 Additionally, the dose of the warm-up protocol should be examined. At WCS, the 
students completed the cardio portion three times per week and the strength portion of the 
protocol two times per week. In all, the students there completed the full program 2.5 times per 
week. At SCS, since the students completed the cardio protocol one day per week and the 
strength protocol one day per week, those students only did the full program one time per week.  
Future studies should monitor exercise dose. Potentially, the students need more or less of the 
dose to have favorable effects. In future analyses, it would be beneficial to include a control 
group using a standardized, basic warm-up as utilized by Richmond et al. 
 There is an added benefit to the implemented warm-up program that are independent of 
these four fitness tests. It was observed at WCS that the students previously took a long time to 
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change clothing and the amount of time on the class activity would be limited. Since the 
implemented warm-up protocol was completed as a class, the students were pressured to change 
faster and have more time for class. This means that there is more time for the students to reach 
the recommended physical activity levels.  
  Comparing this study to the study by Richmond et al provides insight into the study 
design. The Richmond et al study used students grades 7-9 in Calgary, Alberta and implemented 
a neuromuscular program for 12 weeks. The students attended physical education class 2-3 times 
per week, depending on the school. The intervention group completed a session including 
aerobic, balance, core, and lower extremity exercises. The specific exercises were chosen 
because they were able to produce at least 75% of max heart rate, an intensity shown in the 
literature to increase cardiovascular fitness. The study found a small positive change in aerobic 
fitness despite the short duration. It is important to note that this study included a control group, 
while the study at the Vermont schools did not. These are key differences between the two 
studies, and they may help explain the successes of the Richmond et al study compared to this 
study in Vermont.  
 A study by Murray et al noted improvements in fitness-related variables with the 
implementation of a “FitnessGram Friday.”[74] The study found significant improvements in 
push-up scores, trunk lift scores, mile run times, and number of people in the Healthy Fitness 
Zone. While these results cannot be directly compared to the results from WCS and SCS, it is 
important to note that an implementation of a program focusing on aerobic and muscular 
endurance can improve fitness variables in sixth grade students. Perhaps a more specific 
intervention in the Vermont middle schools could improve FitnessGram scores in these areas. 
For example, in this study, students learned and were able to practice how to pace for the mile 
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test. The students were also provided incentives to participate in FitnessGram Fridays, as they 
were entered in random drawings for MP3 players if they participated. It would be interesting to 
examine the role of incentives in improving FitnessGram test results. 
 In the future, it may be beneficial to prescribe a set heart rate intensity value for the 
students. Another alteration could be to complete a combination of cardiovascular and strength 
exercises during each physical education class, something similar to the FitnessGram Friday, as 
opposed to a dedicated day for each. Further modification of the FIFA 11+ warm-up protocol 
may create a program beneficial for injury protection as well as fitness variables. Additional 
comparison between the FIFA 11+ and the FIFA 11+ For Kids may be necessary. FIFA 11+ For 
Kids is designed for ages between 7 and 13, which is the age group in this study and may be 
appropriate for a future study. Either way, consideration of class time constraints would be 
needed. Standardizing who recorded the scores would be necessary as well because there may be 
effects of a teacher assessing as opposed to another student in the class.  
 In conclusion, the implemented modified FIFA 11+ warm-up protocol did not appear to 
have many beneficial effects on fitness variables in students from both Vermont middle schools. 
In fact, the effects appeared to be detrimental, especially in the PACER cardiovascular 
assessment. A future controlled study is needed to see if these results remain. The FIFA 11+ 
program has been shown in literature to be beneficial for injury prevention, but this study did not 
support that it is beneficial for fitness. Altering the program to have a running component may be 
a start to help with fitness scores on the FitnessGram tests. Creating a program that can help 
reduce risk of injury and increase fitness, while promoting physical activity, would be beneficial 
for both children in sports and for children heading towards obesity. 
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Figure 1. FIFA 11+ protocol. 
STRAIGHT AHEAD
RUNNING
The course is made up of 6 to 10 pairs of parallel cones, approx. 5-6 metres apart. 
Two players start at the same time from the fi rst pair of cones. Jog together all 
the way to the last pair of cones. On the way back, you can increase your speed 




Run forwards as a pair to the fi rst set of cones. Shuffl e sideways by 90 degrees to 
meet in the middle. Shuffl e an entire circle around one other and then return 
back to the cones. Repeat for each pair of cones. Remember to stay on your toes 




Walk or jog easily, stopping at each pair of cones to lift your knee and rotate your 
hip inwards. Alternate between left and right legs at successive cones. 2 sets.
3
QUICK FORWARDS & BACKWARDS
RUNNING
As a pair, run quickly to the second set of cones then run backwards quickly to 
the fi rst pair of cones keeping your hips and knees slightly bent. Keep repea-
ting the drill, running two cones forwards and one cone backwards. Remember to 




Walk or jog easily, stopping at each pair of cones to lift your knee and rotate your 




Run forwards in pairs to the fi rst pair of cones. Shuffl e sideways by 90 degrees to 
meet in the middle then jump sideways towards each other to make shoulder-
to-shoulder contact.
Note: Make sure you land on both feet with your hips and knees bent. Do not let 
your knees buckle inwards. Make it a full jump and synchronize your timing with 




Starting position: Lie on your front, supporting yourself on your forearms and 
feet. Your elbows should be directly under your shoulders.
Exercise: Lift your body up, supported on your forearms, pull your stomach in, and 
hold the position for 20-30 sec. Your body should be in a straight line. Try not to 
sway or arch your back. 3 sets.
7 ONE LEG LIFT AND HOLD
THE BENCH
Starting position: Lie on your front, supporting yourself on your forearms and 
feet. Your elbows should be directly under your shoulders.
Exercise: Lift your body up, supported on your forearms, and pull your stomach 
in. Lift one leg about 10-15 centimetres off the ground, and hold the position for 
20-30 sec. Your body should be straight. Do not let your opposite hip dip down 




Starting position: Lie on your front, supporting yourself on your forearms and 
feet. Your elbows should be directly under your shoulders.
Exercise: Lift your body up, supported on your forearms, and pull your stomach 
in. Lift each leg in turn, holding for a count of 2 sec. Continue for 40-60 sec. Your 




Starting position: Stand with your feet hip-width apart. Place your hands on your hips if you 
like.
Exercise: Imagine that you are about to sit down on a chair. Bend your legs slowly until your 
knees are fl exed to approx 90 degrees, and hold for 2 sec. Do not let your knees buckle 
inwards. From the squat position, jump up as high as you can. Land softly on the balls of your 
feet with your hips and knees slightly bent. Repeat the exercise for 30 sec.  2 sets.
12 BOX JUMPS
JUMPING
Starting position: Stand with your feet hip-width apart. Imagine that there is a 
cross marked on the ground and you are standing in the middle of it.
Exercise: Alternate between jumping forwards and backwards, from side to side, 
and diagonally across the cross. Jump as quickly and explosively as possible. Your 
knees and hips should be slightly bent. Land softly on the balls of your feet. Do not 
let your knees buckle inwards. Repeat the exercise for 30 sec. 2 sets.
12LATERAL JUMPS
JUMPING
Starting position: Stand on one leg with your upper body bent slightly forwards 
from the waist, with knees and hips slightly bent.
Exercise: Jump approx. 1 m sideways from the supporting leg on to the free leg. 
Land gently on the ball of your foot. Bend your hips and knees slightly as you land 
and do not let your knee buckle inward. Maintain your balance with each jump. 




Run across the pitch, from one side to the other, at 75-80% maximum pace. 2 sets.
13 PLANT & CUT
RUNNING
Jog 4-5 steps, then plant on the outside leg and cut to change direction. Accelerate 
and sprint 5-7 steps at high speed (80-90% maximum pace) before you decelerate 
and do a new plant & cut. Do not let your knee buckle inwards. Repeat the exercise 
until you reach the other side, then jog back. 2 sets.
15BOUNDING 
RUNNING
Run with high bounding steps with a high knee lift, landing gently on the ball of 
your foot. Use an exaggerated arm swing for each step (opposite arm and leg). Try 
not to let your leading leg cross the midline of your body or let your knees buckle 
inwards. Repeat the exercise until you reach the other side of the pitch, then jog 




Starting position:Stand with your feet hip-width apart. Place your hands on your 
hips if you like.
Exercise: Imagine that you are about to sit down on a chair. Perform squats by 
bending your hips and knees to 90 degrees. Do not let your knees buckle inwards. 
Descend slowly then straighten up more quickly. When your legs are completely 
straight, stand up on your toes then slowly lower down again. Repeat the exer-
cise for 30 sec. 2 sets.
11 ONE-LEG SQUATS
SQUATS 
Starting position: Stand on one leg, loosely holding onto your partner.
Exercise: Slowly bend your knee as far as you can manage. Concentrate on pre-
venting the knee from buckling inwards. Bend your knee slowly then straighten it 
slightly more quickly, keeping your hips and upper body in line. Repeat the exercise 
10 times on each leg. 2 sets.
11WALKING LUNGES  
SQUATS
Starting position: Stand with your feet hip-width apart. Place your hands on your 
hips if you like.
Exercise: Lunge forward slowly at an even pace. As you lunge, bend your leading 
leg until your hip and knee are fl exed to 90 degrees. Do not let your knee buckle 
inwards. Try to keep your upper body and hips steady. Lunge your way across the 




Starting position: Stand on one leg.
Exercise: Balance on one leg whilst holding the ball with both hands. Keep your 
body weight on the ball of your foot. Remember: try not to let your knees buckle 
inwards. Hold for 30 sec. Change legs and repeat. The exercise can be made more 
diffi cult by passing the ball around your waist and/or under your other knee.
2 sets.
10 TEST YOUR PARTNER
SINGLE-LEG STANCE
Starting position: Stand on one leg opposite your partner and at arm’s’ length 
apart. 
Exercise: Whilst you both try to keep your balance, each of you in turn tries to push 
the other off balance in different directions. Try to keep your weight on the ball 
of your foot and prevent your knee from buckling inwards. Continue for 30 sec. 
Change legs. 2 sets.
10THROWING BALL WITH PARTNER
SINGLE-LEG STANCE
Starting position: Stand 2-3 m apart from your partner, with each of you standing 
on one leg.
Exercise: Keeping your balance, and with your stomach held in, throw the ball 
to one another. Keep your weight on the ball of your foot. Remember: keep your 
knee just slightly fl exed and try not to let it buckle inwards. Keep going for 30 sec. 




Starting position: Kneel on a soft surface. Ask your partner to hold your ankles 
down fi rmly.
Exercise: Your body should be completely straight from the shoulder to the knee 
throughout the exercise. Lean forward as far as you can, controlling the movement 
with your hamstrings and your gluteal muscles. When you can no longer hold the 
position, gently take your weight on your hands, falling into a push-up position. 
Complete a minimum of 3-5 repetitions and/or 60 sec. 1 set.
9 ADVANCED
HAMSTRINGS
Starting position: Kneel on a soft surface. Ask your partner to hold your ankles 
down fi rmly.
Exercise: Your body should be completely straight from the shoulder to the knee 
throughout the exercise. Lean forward as far as you can, controlling the movement 
with your hamstrings and your gluteal muscles. When you can no longer hold the 
position, gently take your weight on your hands, falling into a push-up position. 
Complete a minimum of 12-15 repetitions and/or 60 sec. 1 set.
9INTERMEDIATE
HAMSTRINGS
Starting position: Kneel on a soft surface. Ask your partner to hold your ankles 
down fi rmly.
Exercise: Your body should be completely straight from the shoulder to the knee 
throughout the exercise. Lean forward as far as you can, controlling the movement 
with your hamstrings and your gluteal muscles. When you can no longer hold the 
position, gently take your weight on your hands, falling into a push-up position. 




Starting position: Lie on your side with the knee of your lowermost leg bent to 90
degrees. Support your upper body by resting on your forearm and knee. The elbow 
of your supporting arm should be directly under your shoulder. 
Exercise: Lift your uppermost leg and hips until your shoulder, hip and knee are in a 
straight line. Hold the position for 20-30 sec. Take a short break, change sides and 
repeat. 3 sets on each side.
8 WITH LEG LIFT
SIDEWAYS BENCH
Starting position: Lie on your side with both legs straight. Lean on your forearm 
and the side of your foot so that your body is in a straight line from shoulder to 
foot. The elbow of your supporting arm should be directly beneath your shoulder.
Exercise: Lift your uppermost leg up and slowly lower it down again. Repeat for 20-
30 sec. Take a short break, change sides and repeat. 3 sets on each side.
8RAISE & LOWER HIP
SIDEWAYS BENCH
Starting position: Lie on your side with both legs straight. Lean on your forearm 
and the side of your foot so that your body is in a straight line from shoulder to 
foot. The elbow of your supporting arm should be directly beneath your shoulder.
Exercise: Lower your hip to the ground and raise it back up again. Repeat for 20-30 
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Figure 2. FIFA 11+ For Kids protocol.  
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Figure 4. Difference from post- to pre-test compared to the pre-test score in the non-intervention year and intervention 
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Figure 5. Difference from post- to pre-test compared to the pre-test score in the 2014-2015 year and intervention year for 
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“UVM FITNESS WARM UP” [2017] 
 MONDAY + WEDNESDAY + FRIDAY  [RUNNING] 
(4 lines; 4 cones per line; baseline, foul line, half court, endline) 
1 
 “STRAIGHT AHEAD” 
 (jog forward to endline; jog back) 
2 
 
“HIP OUT” (jog forward; right knee 12 to 3 o’clock; jog forward;    left knee 12 to 9 o’clock; jog back) 
3 
 
“HIP IN” (jog forward right knee 3 to 12 o’clock; jog forward;  left knee 9 to 12 o’clock; jog back) 
4 
 “CIRCLE PARTNER” 
(jog forward to cone; shuffle to meet and circle partner [do-si-do]; 
shuffle back to cone; jog forward to next cone/line; jog back) 
5 
 “SHUFFLE JUMP” 
 (jog forward; shuffle toward partner sideways; jump; land softly on 
both feet; shuffle back to cone; jog forward to next cone/line; jog back) 
6 “FORWARD 2 
BACK ONE” 
 (run forward 2 lines; backwards 1 line; continue until endline; jog 
back) 
7 “ACROSS THE 
COURT” 
 (run 75-80% forward to endline; jog back) 
8 
 “BOUNDING” 
 (few strides; bound/leap to end line; [alternate R,L,R,L, leap over 





 (run angle 1,2,3,4 steps; plant outside foot and pause; change 
direction…  run angle 1,2,3,4 plant outside foot and pause; jog back) 
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“UVM FITNESS WARM UP”  [2017] 
TUESDAY + THURSDAY  [STRENGTH AND BALANCE] 
 (scattered on black lines; face the scoreboard wall) 











 “STATIC BENCH” 




 “SIDE BENCH” 
(on side; stack knees; lift top leg; lift hips)  
20-30 seconds each leg 
 
3 
 “SINGLE LEG 
BALANCE” 
(hands on hips; knees slight bend; 1 foot off floor) 
20-30 seconds each leg 
4 
 “T-BALANCE” 
(stand on one leg; arms forward; focus point on floor) 
3-5 reps each leg 
 
5 
 “SQUAT TO TOE 
RAISE” 




6 “SQUAT JUMPS”  (hands on hips; squat, upper body forward; jump high; land softly)    10-15 reps 
 
7 PUSH UPS (straight back; knees down; wall; 8 seconds down) 10-20 
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Change from non-intervention 
year 
 Mean SE Mean SE  Difference SE p-value 
Pre-Test         
PACER20 44.71 1.44 48.60 1.44  3.88 0.69 < 0.001 
Aerobic capacity 48.76 0.50 49.09 0.50  0.34 0.25 0.177 
Curl-ups 32.56 1.34 38.87 1.34  6.30 0.97 <0.001 
Reach 9.50 0.13 10.12 0.13  0.62 0.08 <0.001 
         
Post-Test         
PACER20 45.80 1.33 42.15 1.32  -3.65 0.73 <0.001 
Aerobic capacity 48.78 0.47 46.41 0.47  -2.37 0.26 <0.001 
Curl-ups 36.37 1.39 41.01 1.39  4.64 0.99 <0.001 
Reach 9.58 0.13 10.38 0.13  0.80 0.09 <0.001 
         
Difference (post - pretest)         
PACER20 0.87 0.68 -5.81 0.66  -6.69 0.90 < 0.001 
Aerobic capacity -0.06 0.24 -2.45 0.24  -2.39 0.32 < 0.001 
Curl-ups 3.62 0.87 2.07 0.87  -1.55 1.23 0.207 
Reach 0.08 0.07 0.27 0.07  0.19 0.09 0.033 
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Males         
 Non-intervention Year Intervention Year  
Change from non-intervention 
year 
 Mean SE Mean SE  Difference SE p-value 
Pre-Test         
PACER20 50.63 2.16 54.60 2.15  3.97 1.11 < 0.001 
Aerobic capacity 50.81 0.76 51.21 0.76  0.40 0.39 0.306 
Curl-ups 32.13 1.91 40.51 1.91  8.38 1.41 <0.001 
Reach 8.47 1.97 9.21 1.97  0.74 0.13 <0.001 
         
Post-Test         
PACER20 51.77 2.00 47.91 2.00  -3.86 1.27 0.003 
Aerobic capacity 50.88 0.71 48.41 0.71  -2.47 0.45 <0.001 
Curl-ups 37.44 1.94 43.76 1.94  6.32 1.40 <0.001 
Reach 8.63 1.93 9.52 1.92  0.89 0.13 <0.001 
         
Difference (post - pretest)         
PACER20 0.57 1.16 -6.02 1.14  -6.59 1.53 < 0.001 
Aerobic capacity -0.15 0.41 -2.57 0.41  -2.43 0.55 < 0.001 
Curl-ups 5.12 1.26 2.86 1.26  -2.26 1.79 0.209 
Reach 0.16 0.11 0.33 0.11  0.17 0.14 0.246 
         
Females         
 Non-intervention Year Intervention Year  
Change from non-intervention 
year 
 Mean SE Mean SE  Difference SE p-value 
Pre-Test         
PACER20 38.76 1.78 42.53 1.77  3.77 0.83 < 0.001 
Aerobic capacity 46.69 0.61 46.95 0.61  0.26 0.30 0.393 
Curl-ups 33.00 1.87 37.24 1.87  4.25 1.31 0.002 
Reach 10.53 1.44 11.02 1.43  0.49 0.10 <0.001 
         
Post-Test         
PACER20 39.87 1.61 36.43 1.60  -3.43 0.75 <0.001 
Aerobic capacity 46.70 0.56 44.42 0.56  -2.28 0.26 <0.001 
Curl-ups 35.31 1.99 38.29 1.99  2.97 1.39 0.035 
Reach 10.51 0.14 11.23 0.14  0.72 0.12 <0.001 
         
Difference (post - pretest)         
PACER20 1.18 0.70 -5.62 0.68  -6.79 0.93 < 0.001 
Aerobic capacity 0.04 0.25 -2.33 0.24  -2.36 0.33 < 0.001 
Curl-ups 2.14 1.18 1.28 1.18  -0.86 1.67 0.608 
Reach -0.01 0.07 0.21 0.07  0.22 0.10 0.037 
Table 4. Test scores and changes from pre to post-test for non-intervention and intervention years by sex at WCS. 
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 Shelburne Williston   
 Mean SE Mean SE  p-value 
Pre-Test       
PACER20 45.03 1.45 48.60 1.44  0.089 
Aerobic capacity 47.63 0.52 49.09 0.50  0.048 
Curl-ups 64.37 1.23 38.87 1.34  <0.001 
Reach 9.96 0.17 10.12 0.13  0.389 
       
Post-Test       
PACER20 42.82 1.44 42.15 1.32  0.532 
Aerobic capacity 46.51 0.52 46.41 0.47  0.679 
Curl-ups 64.48 1.33 41.01 1.39  <0.001 
Reach 9.86 0.17 10.38 0.13  0.014 
       
Difference (post - pretest)       
PACER20 -1.16 0.87 -5.81* 0.66  < 0.001 
Aerobic capacity -0.83* 0.31 -2.45* 0.24  < 0.001 
Curl-ups 0.06 1.28 2.07* 0.87  0.208 
Reach -0.10 0.10 0.27* 0.07  < 0.001 
       
*Significant change (increase or decrease) from pre- to post-test 
SUMMARY OF RESULTS 
 
Pre-test: Shelburne pre-tests were a bit lower for PACER20 and aerobic capacity, and 
much higher for curl-ups. 
 
Post-test: Shelburne post-tests were higher for curl-ups and lower for reach. 
 
Difference: Declines in PACER20 and aerobic capacity were smaller for Shelburne.  
This was partly due to the inverse relationship between pre-test scores and the size of 
decline (the larger the pre-test score, the larger the decline) because Shelburne had 
lower pre-test scores.  
Shelburne had a non-significant decline in reach, while Williston had a significant 
increase, which resulted in a significant difference in the pre to post change between 
schools. 
 
P-values of differences: 
SCS PACER: p = 0.18 
SCS aerobic capacity: p = 0.007 
SCS curl-ups: p = 0.96 
SCS sit-and-reach: p = 0.31 
WCS PACER, aerobic capacity, sit-and-reach: (p < 0.001) 
WCS curl-ups: p = 0.030 
  
Table 5. Pre-test, post-test and changes from pre- to post-test for SCS and WCS in the intervention year. 
